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The Fe pnictide parent compound EuFe2As2 exhibits a strongly momentum dependent carrier
dynamics around the hole pocket at the center of the Brillouin zone. The very different dynamics of
electrons and holes cannot be explained solely by intraband scattering and interband contributions
have to be considered. In addition, three coherently excited modes at frequencies of 5.6, 3.1 and
2.4 THz are observed. An estimate of the electron-phonon coupling parameter reveals λ < 0.5,
suggesting a limited importance of e-ph coupling to superconductivity in Fe pnictides.
PACS numbers: 74.25.Kc, 78.47.J-, 74.70.Xa, 74.25.Jb
The new FeAs based high-Tc superconductors (SC)
exhibit a complex interplay between electronic, mag-
netic and lattice degrees of freedom [1]. To under-
stand superconductivity in these materials, one has to
unravel the elementary excitations governing the semi-
metallic ground state. Angle-resolved photoemission
spectroscopy (ARPES) has analyzed the dressing of
charge carriers in cuprate high-Tc superconductors due to
bosonic excitations by measuring the renormalization of
the electronic states in the energy-momentum space. In
FeAs SC, however, such an approach to study quasiparti-
cle excitations has been less successful so far. Femtosec-
ond (fs) time-resolved ARPES (trARPES) allows energy-
and momentum-resolved investigation of the elementary
relaxation processes directly in the time domain.
The electronic bands forming the Fermi surface and de-
termining the low-energy excitations consist in Fe pnic-
tides of hole pockets at the center of the Brillouin zone
(BZ) (Γ-point) and electron pockets at the zone corner
(X-point, see Fig. 1(a)) [2, 3]. Spin fluctuations related
to Fermi surface nesting are considered as one origin for
Cooper pair formation [4]. As the hole (electron) pockets
are almost filled (empty) in these systems, small struc-
tural deformations or doping will shift the Fermi level
into a region of heavier carriers [5] and may change the
nesting conditions. This provides a scenario for the sensi-
tivity of Tc to the lattice structure. It was discussed that
the Fe-As-Fe bonding angle [6] or the Fe-As distance [7]
is important for Tc and the symmetry of the supercon-
ducting order parameter.
Another possible pairing mechanism is electron-
phonon (e-ph) interaction. On the one hand, calculations
for LaFeAsO1−xFx and BaFe2As2 resulted in weak e-ph
coupling [8, 9]. On the other hand, stronger coupling
was predicted for particular modes which distort the Fe-
As tetrahedra and thus change the nesting conditions.
These are the Raman active A1g mode at the zone center
corresponding to a breathing mode of As ions perpen-
dicular to the Fe layers with an energy of 22 meV and
an opposite vibration of the Fe and As ions parallel to
the FeAs layers with a wave vector satisfying the nesting
condition q = Qn = Γ−X ≡ (pi, pi).
In this letter we study the fs dynamics of the parent
compound EuFe2As2 (TN ≈ 190 K) [10] using trARPES
to analyze the interaction of charge carriers with low-
energy excitations of the material [11–13]. We observe a
strong momentum anisotropy in the electron-electron (e-
e) and electron-phonon (e-ph) relaxation, driven by intra-
and interband scattering, as well as coherent modes.
We employ ultrashort (55 fs), intense infrared
(hν1=1.5 eV) laser pulses for optical excitation. A time-
delayed ultraviolet (hν2=6.0 eV, 80 fs) pulse monitors the
energy and momentum dependent single-particle spectral
function as a function of pump-probe delay by ARPES
as sketched in Fig. 1(a). The energy resolution of 50 meV
is determined by the spectrometer and the bandwidth of
the probe pulses. The momentum resolution is 0.05 A˚
−1
and the temporal resolution is<100 fs, for details see [13].
Single crystals of EuFe2As2 grown in Sn-flux [10] were
cleaved in ultrahigh vacuum at T=100 K, where all mea-
surements were carried out, if not otherwise stated. Spec-
tra of different emission angles have been normalized at
E−EF = −0.4 eV to account for polarization and matrix
element effects.
Laser ARPES intensity of EuFe2As2 obtained at
hν=6.0 eV without optical excitation is shown in
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FIG. 1. (color online) (a) Schematic electron band structure
of Fe pnictides along Γ-X and sketch of the pump-probe ex-
periment. Electrons are excited into weakly dispersing states
and create e-h pairs in both bands. Black arrows indicate re-
laxation pathways (see text). The probe photon energy of 6.0
eV allows for detection of states near Γ. Photoelectrons are
analyzed by a time-of-flight spectrometer (TOF). (b) Laser
ARPES spectra of EuFe2As2 taken at T=100 K without op-
tical excitation. Data have been symmetrized around Γ.
Fig. 1(b) as a function of energy and momentum. The
observed hole pocket around the Γ-point is comparable
to data taken at higher photon energies [14].
Spectra for different pump-probe delays are shown in
Fig. 2(a) as energy distribution curves (EDCs) before
(black) and 100 fs after excitation (red). The pump
induced changes are emphasized by blue (depletion)
and red (increase) areas. This difference ∆I(E, k, t) =
I(E, k, t) − I0(E, k) is shown in a color coded intensity
plot as function of energy and momentum in Fig. 2(b).
Two distinct types of response are found: near the Γ-
point within the hole pocket, an increase in spectral
weight is observed (red), whereas we find a decrease for
occupied states (blue). This behavior is the fingerprint
of electron-hole (e-h) excitations, leading to a transfer
of electrons from occupied states outside the hole pocket
into empty states inside the pocket.
Integrating the data within representative en-
ergy/momentum intervals (Fig. 2(b)) yields the temporal
evolution of electron and hole population, ∆Ie and ∆Ih,
depicted in Fig. 2(c). We find (i) a different sign of the re-
sponse and (ii) different timescales of buildup and decay
for the electron and the hole population. The number of
holes initially follows the pump-pulse integral and peaks
at 60 fs. The subsequent decay is fitted with a single-
exponential decay convoluted with the laser pulse cross-
correlation, yielding τh = 220(10) fs. After 750 fs, the
excitation has relaxed to a value slightly higher than ini-
tially, indicating an elevated lattice temperature. In con-
trast, the electron population shows a stronger increase,
which continues to rise after 100 fs, when the pump pulse
is over. Integration over electrons and holes near Γ (blue
box in Fig. 2(b)) yields ∆Ie+h, which compares well to
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FIG. 2. (color online) (a) Time-resolved trARPES spectra of
EuFe2As2 for different parallel electron momenta before and
after excitation with an absorbed fluence of F = 280µJ/cm2.
Depletion and increase of spectral weight ∆I is marked by
blue and red areas, respectively. Spectra are vertically offset
for clarity. (b) Color map of ∆I for t=100 fs. Boxes mark inte-
gration areas for ∆I shown in (c). (c) Upper panel: delay de-
pendent ∆I, integrated over energy and momentum intervals
according to (b), sampling hole dynamics for E < EF (yellow
curve) and electron dynamics for E > EF (green curve) in
the vicinity of the hole pocket. The total low-energy inten-
sity ∆Ie+h (blue curve) shows a delayed increase at 140 fs after
excitation. All curves have been normalized to the integra-
tion area. Black lines are exponential fits to the data. Lower
panel: cross-correlation (XC) trace obtained from electrons
with E − EF > 1 eV.
the sum ∆Ie+∆Ih and reveals a transient increase of the
total number of electrons near Γ with a delayed onset of
140 fs with respect to time zero. This excess electron
population decays with a time constant τe = 1760(60) fs,
clearly slower than τh.
We now discuss the origin of this asymmetry of elec-
tron and hole dynamics. Electrons excited by the laser
pulse to an unoccupied band (Fig. 1(a)) quickly relax
by e-e scattering, thereby exciting additional electrons.
Such intraband excitation processes create e-h pairs in
the same band and thereby lead to an equal number of
excited electrons and holes within the one band [15]. This
is observed during the first ∼ 100 fs. Later, more excited
electrons than holes are detected which originate from
different bands of the BZ, e.g. the bands forming the
electron pocket at the X-point (Fig. 1(a)). The required
momentum vector Qn for this interband scattering from
3X to Γ can be provided by defect, spin or phonon excita-
tions, which might lead to additional fingerprints in the
transient spectral function, discussed below. We explain
this carrier imbalance by the enhanced density of states
for electrons and holes at Γ and X, respectively [2], lead-
ing to an effective electron transfer from X to Γ, which
could be enhanced by nesting.
Now we turn to the subsequent relaxation of electrons
and holes. It is mediated by e-ph scattering or spin exci-
tations, leading to e-h recombination and energy transfer
to the lattice or spin subsystem. Due to the e-h imbal-
ance, part of the e-h pairs will recombine by scattering
with q ≈ 0 modes within the Γ band (Fig. 1(a), left).
The remaining excess population of electrons has to re-
combine with holes at X generating excitations with large
q near Qn (Fig. 1(a), right). From the longer lifetime of
the excess electron population at Γ we thus conclude a
lower scattering probability for the latter process.
A closer look at Fig. 2(c) reveals a periodic modulation
superimposed on the decay. To investigate these oscilla-
tions, stronger excitation has been used. Fig. 3(a) shows
the trARPES intensity at the Γ-point for F=0.5 mJ/cm2.
As function of delay, pronounced oscillations modulate
the photoemission signal around EF . Analyzing the spec-
tral cutoff near EF (Fig. 2(a)) shows that the distribu-
tion function itself is modulated, leading to a transient
oscillation of its position [16]. Hence, these low-energy
excitations couple efficiently to states at EF .
The time dependent intensity integrated between EF
and E − EF = 1.5 eV is depicted in Fig. 3(b) for var-
ious fluences. Within the first 2 ps after excitation,
a strong oscillation mode with a frequency of 5.6 THz
is observed. For t > 1.5 ps, an interference pattern
is found which indicates further frequencies. Next,
the incoherent contribution is subtracted [17], and fre-
quencies are determined by fast Fourier transformation
(FFT). Fig. 3(c) depicts the normalized FFT presenting
a sharp peak at hν1=23(1) meV and two weaker modes
at hν2=13(1) meV and hν3=10(1) meV. All three modes
have been found with similar frequencies in doped and
undoped samples of the BaFe2As2 family [16], suggest-
ing that these coherent excitations are a more general
phenomenon in 122 Fe pnictides. The frequencies of all
modes are found to be independent of fluence or temper-
ature up to T = 300 K.
By comparison with Raman scattering [18] we identify
the mode at 23 meV with the A1g phonon mode, cor-
responding to a displacement of the As atoms perpen-
dicular to the Fe layers (Fig. 3). Coherent excitation of
this mode has also been observed in time-resolved reflec-
tivity [19]. The excitation of this fully symmetric mode
in a semi-metal can be described by the displacive ex-
citation of coherent phonons (DECP) model [20]. The
observation of coherent phonons in trARPES requires
strong coupling of the vibrations to electronic states.
Hence our observation is consistent with calculations of
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FIG. 3. (color online) (a) trARPES intensity as a func-
tion of energy and pump-probe delay taken at Γ with
F=0.5 mJ/cm2. (b) trARPES intensity integrated over an
energy window of 1.5 eV above EF for various F . (c) Fast
Fourier transform of the F=0.5 mJ/cm2 data in (b). The
sketch shows the nuclear motion corresponding to the A1g
mode at 5.6 THz.
LaFeAsO1−xFx [8], which predicts enhanced e-ph cou-
pling for the A1g mode.
The assignment of the other two modes is less clear.
The DECP mechanism allows to first order only exci-
tation of fully symmetric modes of A1 symmetry [20].
However, the coherent excitation of non fully symmetric
modes has been detected in the bulk [21] and at sur-
faces [17] of metals. Calculations [8] predict modes at
the zone-center around 10 meV, which are, however, not
Raman active and couple only weakly to the electronic
system. The calculations show a maximum in the Eliash-
berg spectral function α2F (ω) around 13 meV due to
modes at the BZ boundary, probably related to Fe-As
shear mode vibrations with q = Qn. Coherent excitation
of phonon modes with finite momenta is usually prohib-
ited, but the ultrafast redistribution of electrons in the
BZ (Fig. 2) could provide the required momentum. Fur-
thermore, contributions of surface phonons or spin exci-
tations [17, 22] cannot be ruled out.
Our observation demonstrates coupling of coherent
modes, as we detect their imprint on electronic states
near EF . To quantify the e-ph coupling, we use the en-
ergy resolution provided by trARPES. Usually, e-ph re-
laxation is described using the two temperature model
(2TM) [12, 23]. However, the different dynamics of elec-
trons and holes contradict the assumption of a thermal-
ized electronic subsystem, which questions the applica-
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FIG. 4. (color online) (a) Electron-phonon (e-ph) and
electron-electron (e-e) contributions to the decay rate. The
e-ph part is given for T = 0 K and T = 100 K. The shaded
area marks the energy where e-ph scattering dominates. (b)
Electronic mean excess energy extracted from trARPES data
near kF within the energy window marked in (a). The solid
line is a fit to eq. (1).
tion of the 2TM. Here, we overcome this limitation by
analyzing the energy relaxation of excited electrons di-
rectly.
The scattering rate of electrons excited at energy  =
E−EF is determined by γ = ~τ−1 = 2=Σ(), where Σ is
the electronic self energy. Important energy dependent
contributions to γ arise from e-e and e-ph scattering. e-
e scattering is considered to follow Fermi liquid theory,
γe−e ∝ 2 (Fig. 4(a), dash-dotted line). At low exci-
tation energies, this contribution is small compared to
the e-ph scattering, which increases up to the maximal
phonon energy ~ωmax and is constant above (Fig. 4(a)).
For  > ~ωmax and T = 0 K, γe−ph results for an Ein-
stein mode ω to γe−ph = pi~λω [24], where λ is the e-ph
coupling constant. Within the energy window between
~ωmax and the crossover regime, where γe−e becomes
dominant (shaded area in Fig. 4(a)), the rate of energy
dissipation due to the emission of a phonon with energy
~ω is given by
dE
dt
=
~ω
τ
= pi~λω2 , (1)
which leads to a linear decay. This rate of en-
ergy relaxation can be extracted from the experimental
data by analyzing the mean excess energy, 〈∆E(t)〉 =∫ 1
0
∆I(, t)d/
∫ 1
0
∆I(, t)d. Data of EuFe2As2 near
kF are shown in Fig. 4(b). To minimize lattice heat-
ing and e-e scattering, a low F ∼ 50µJ/cm2 has been
used and the integration window of  = 70 − 300 meV
is carefully chosen according to the conditions discussed
above. The linear fit yields according to (1) a value of
λω2 = 70 meV2. Since e-e scattering cannot be totally
neglected and finite temperatures lead to faster relax-
ation, see Fig. 4(a), this value provides an upper limit.
Our results for λω2 agree well with recently published
results using optical pump-probe schemes [25, 26], which
however rely on the 2TM or similar models to extract λ.
Comparing the timescales of the relaxation in Fig. 4 and
Fig. 2 shows, that mostly fast intraband transitions with
q ≈ 0 dominate the energy relaxation.
Based on this we estimate the value of λ for a particular
mode. Considering the coherently excited A1g mode at
23 meV, which is strongly coupled, we find λ < 0.2. This
estimate is in agreement with calculations [8, 9] of various
Fe-pnictide compounds. Even if we consider the lowest
coupled modes to be most important for e-ph coupling, λ
does not exceed 0.5. Similar small values for λ have been
found in the cuprate high-Tc SC [12], suggesting limited
importance of e-ph coupling for the pairing mechanism
in both classes of materials.
In conclusion, using trARPES we investigated intra-
band and interband e-e scattering, coherent low-energy
excitations and e-ph energy relaxation in the Fe pnic-
tide parent compound EuFe2As2. We find different elec-
tron and hole dynamics, which is explained by interband
transitions between Γ and X leading to redistribution of
carriers between the respective bands. In Eu and Ba 122
pnictides, three specific coherent modes couple directly to
electronic states close to the Fermi level. The analysis of
e-ph coupling reveals λ < 0.5 which makes e-ph coupling
an unlikely pairing candidate for superconductivity.
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